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(57) Abstract 

An implant retention trocar includes a cannula for puncturing the skin of an animal and an obturator for delivering the implant beneath 
the skin of the animal. The implant rctenticm trocar has a cannula distal tip design which causes a minimum of trauma and tearing of 
tissue during implant insertion. A spring element received within the cannula prevents an implant which is to be inserted into an aninial 
from falling out of the cannula during the implant insertion process. The spring clement mcludes a longittidinal leg which is folded with 
a zig-zag shaped bend. When the spring element is inserted into tiie cannula die zig-zag shaped bend of the longitudinal leg retains me 
implant widiin die carmula. 
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TROCAR FOR INSERTING IMPLANTS 

FIELD OF THF. TNVENTIQN 
The invention relates to a tubular member for inserting drug-containing 
5 devices into animals and more particularly, the invention relates to a trocar for 
inserting inq)lants. 

RArKnRQIJND QF THR INVENTION 
Many different types of delivery systems for delivering beneficial agents 

10 such as pharmaceuticals for the prevention, treatment, and diagnosis of disease are 
known in the art. One type of delivery system is the subcutaneous implant which 
contains a supply of a beneficial agent and is implanted beneath the skin of an 
animal to deliver the beneficial agent over time. Some of the different types of 
subcutaneous implants include osmotic drug delivery in^lants, dissolvable or 

15 erodable pellet type implants, and difiusional implants. Some examples of osmotic 
delivery implant systems are described in U.S. Patent Nos. 4,111,202; 4,111,203; 
and 4,203,439. 

The process of placing subcutaneous osmotic uiq)lants and other types of 
implants under the skin is often performed by use of a trocar system which is a two- 

20 piece system, including a cannula and an obturator. With this system, an incision is 
, first made through the skin of the patient and the cannula and obturator are inserted 
together through the skin. The obturator is then withdrawn leavii^ the cannula in 
place as a guide for inserting the implant. The implant is inserted through the bore 
of the cannula while the obturator is used to push the implant to the end of the 

25 cannula. The obturator is then used to hold the implant in a stable axial position 
while the cannula is being withdrawn from the patient to deposit the implant in a 
known position in fee channel previously occupied by the cannula. The cannula and 
obmrator are then withdrawn completely leaving the implant in place beneath the 
skin. 

30 This method of insertion of an implant, inchiding the step of removal of the 
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obturator for insertion of the implant through the cannula followed by reinsertion of 
the obturator increases the possibility that sterility of the implant site will be 
compromised during fliese steps. However, it is difficult to msert the implant into 
the cannula prior to msertion of the cannula into the patient because the in^lant will 

6 tend to fall out of the cannula during the insertion process. 

Known trocars can also be used with the implant in the trocar during 
insertion, however this method relies upon the skilled and careful use by the health 
care practitioner to orient the trocar so as to employ gravity to retain the implant in 
the cannula. Alternatively, implants capable of distortion may be held in a cannula 

10 by interference with a wall of the cannula to keep the implant in place against the 
force of gravity. 

Known balling guns have been used in veterinary implantation procedures 
which retain the implant or bolus tablet in a cannula by either an interference fit or a 
distortion of the cannula. However, the cannulas are generally complex and 
15 expensive to manufacture. 

Accordmgly, it would be desirable to provide a trocar system m which an 
implant may be retained within the cannula in a sinq)le and economical manner 
during insertion of the cannula into a patient and the implant is easily pushed out of 
the cannula and into the patient. 

20 

SUMMARY OF THE INVENTION 
The trocar system according to a preferred embodiment of the present 
invention includes a cannula retaining spring element which is fixed to an inside 
surface of the cannula to retain an implant within the cannula until the implant is to 
25 be delivered by pressure applied by an obturator. 

According to one aspect of the present invention, a trocar includes a cannula 
for receiving an implant and insertmg the implant into an animal, a spring element 
received within the cannula, and an obturator for delivering the implant from the 
cannula into the annual. The spring element has a leaf spring for retaining the 
30 implant inside the caimula. The leaf spring applies a firictional force against the 
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implant sufficient to prevent the implant from sUding out of the cannula under the 

weight of the implant. 

In accordance with an additional aspect of the invention, a trocar includes a 
substantially cylmdrical cannula body, a distal end of the cannula body having a 
5 leading edge formed by a first plane which is at a first angle with respect to a 
longitudinal access of the cannula body, and a trailing edge formed by a second 
plane which is at a second angle with respect to the longitudinal access of the 
cannula body. The first angle of the leading edge is larger than the second angle of 
the trailing edge. 

10 

RPTFP DFSCRIPTION OF THE DRAWINGS 
The invention will be described in greater detail with reference to the 
accompanying drawings, in which like elements bear like reference numerals, and 
wherein: 

15 FIG. 1 is a top view of a spring element according to the present invention 

prior to bending of the leaf spring; 

FIG 2 is a perspective view of the spring element of FIG. 1 with the leaf 

spring bent; 

FIG. 3 is a perspective view of the spring element of FIGS. 1 and 2 which 
20 has been bent in an arch for insertion mto a cannula; 

FIG. 4 is a cross-sectional side view of a portion of a cannula of FIG. 3, 
taken along line 4-4, with the spring element according to the present invention 
inserted withm the cannula; 

FIG. 5 is a side cross-sectional view of the cannula and leaf spring element 
25 of FIG. 4 with an implant and obturator inserted in the cannula; 

FIG. 6 is a side view of a first embodiment of the cannula tip; 

FIG. 7 is a side cross-sectional view of the cannula tip of FIG. 6; 

FIG. 8 is a side view of a cannula tip according to an alternative embodiment 
of the invention; 

30 FIG. 9 is a side cross-sectional view of the cannula tip of FIG. 8; 
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FIG. 10 is a side cross-sectional view of a prior art cannula tip witii an 
implant inside tiie cannula; and 

HG. 1 1 is a side view of tiie canmila of FIG. 9 with an implant shown at two 
different positions inside the cannula. 

5 

nPTAH FD DFSCR IPnON OF THE PREFERRED EMBODIMENTS 
The inq)lant retention trocar according to the present invention mcludes a 
cannula and an obturator for implanting beneficial agent delivery devices in animals. 
According to one embodiment the cannula may be used to puncture a foil or otiier 

10 covering material of a sterile sealed implant package. Alternatively, the unplant 
package may be opened by screwing, tearing, or cutting. The cannula tiien may be 
used to remove the inq)lant from the package or the inq)lant may be placed in tiie 
cannula by hand or witii forceps. The in^)lant is delivered to an inq)lantation site 
within an animal, generally just beneafli die skin, by flie trocar by applying pressure 

15 to tiie obturator. The implant retention trocar causes a minimum of trauma and 
tearing of tissue dining implant insertion. 

A first aspect of tiie invention relates to a spung element 10 received within 
tiie cannula of the trocar to prevent an mq)lant which is to be inserted into an animal 
from falling out of tiie cannula during the inoplant msertion process. Anotiier aspect 

20 of tiie invention relates to tiie shape of tiie distal end of tiie cannula which prevents 
trauma and tearing of tissue during implant insertion. 

The spring element 10 is shown in a finished configuration in HG. 3 as it is 
inserted into a cannula 20. The spring element will be described witii respect to 
FIGS. 1-3 accordmg to tiie steps by which tiie spring element is formed. As shown 

25 in HG. 1 , tiie spring element is formed from a tiiin sheet of metal, such as a 

stamless steel, titanium, aluminum, copper, or otiier appropriate spring metal. The 
sheet is substantially rectangular in shape witii a continuous cut 14 forming a 
T-shaped leaf spring 12. The cut 14 may be made in any known manner such as by 
punching or photoetchmg. The leaf spring portion 12 of tiie spring element 10 has a 
30 longitudinal leg 16 and a cross leg 18 extending substantially perpendicular to tiie 
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longitudinal leg. The spring element 10 may be punched, photoetched, laser cut, or 
formed in any other known method. 

As shown in FIG. 2, the longimdinal leg 16 is folded with a zig-zag shaped 
bend. When the spring element 10 is mserted into a cannula it is the zig-zag shaped 
5 bend of the longitudinal leg 16 which will retain the implant within the cannula. 
The cross leg 18 of the leaf spring 12 is wider than the longitadmal leg 16 in the 
circumferential direction and provides tabs on either end which secures the leaf 
spring against motion away from the cannula surface toward the cannula axis. 
Bending of the longimdinal leg 16 in the zig-zag shape has the effect of shortening 
10 the distance &x)m the cross leg 18 to an attachment point 22 where the longitudinal 
leg meets the rest of the spring element. Once shortened, end portions or tabs of the 
cross leg 18 lie along the surface of the spring element plate guiding the bent 
longitudinal leg. The cross leg 18 is sUdable m a direction parallel to the cannula 
axis along the cylindrical sur&ce of the cannula as the zig-zag shaped longimdinal 
15 leg 16 is extended and retracted. The ends of the cross leg 18 keep the longitudinal 
leg 16 properly oriented so that the longitudinal leg does not block loading of the 
implant into the cannula. The number and angle of the bends in the longitudinal leg 
16 may be varied as needed to achieve implant retention. 

FIG. 3 illustrates the spring element 10 once it has been bent about a 
20 longitudinal axis into an arch shape for msertion into the cannula 20. The radhis of 
curvature of the arched spring element 10 is preferably approximately the same as 
or slightly smaller than a radhis of the cannula 20 in which the spring element will 
be inserted. Once the spring element 10 is placed within the cannula 20, the spring 
element is preferably fixed inside the cannula by a sterilizable adhesive, such as 
25 cyanoacrylate, epoxy, polyester, acrylic, or other adhesive. The adhesive is 
preferably both biocompatible and compatible with the beneficial agent inside the 
implant to be delivered by the trocar. The spring element 10 may also be fixed 
inside the cannula by other known methods such as welding, laser welding, electric 
resistance welding, or the like. 



wo 99/53991 PCT/US99/08353 



Once the spring element 10 has been fixed within the tip of the cannula 20 
and an implant has been inserted mto the cannula, the zig-zag configuration of the 
longitudinal leg. 16 exerts a force between an external surface of the implant and an 
internal surface of the cannula to retain the implant in the cannula until it is expelled 

5 by axial sliding of the obturator by the user. Cross sectional views of the cannula 
20 and spring element 10 are shown in FIGS. 4 and 5 with and without an implant 
30 and obturator 32. As can be seen from the figures, the amount of bend of the 
longitudinal leg 16 is decreased by the insertion of the implant causing the implant 
to be retained in the cannula by the spring retention force of the longitudinal leg. 

10 FIG. 5 illustrates a distal end of an obturator 32 according to the present 

invention havmg a tapered exterior end surface 36 to prevent the spring element 10 
from being expelled by motion of the obturator. In particular, the distal end of the 
obturator has a fiiisto-conical shape which prevents the obturator from becoming 
caught on either the edge 34 of the spring element 10 or on the edge of the cross leg 

15 18. 

Although the spring element 10 has been described as formed of a metal 
material, the spring element may also be formed of another spring material such as 
plastic, in the shape described above. The spring element 10 may be formed of 
plastic by molding, extruding, cold forming, thermo forming or a combination of 

20 these processes. In addition, the shape of the leaf spring 12 can be modified without 
departing from the invention. For example, the cross leg 18 of the leaf spring can 
be formed in any shape as long as it is somewhat larger in width than the 
longitudinal leg 16. The longitudinal leg 16 may also take on other shapes such as a 
tapered shape, as long as the leg has sufficient length form the formation of one or 

25 more bends. 

The spring element 10 according to the present invention retains the implant 
within the cannula without requiring the grinding of special retention features into 
the cannula inner wall which would require expensive secondary operations. The 
retention spring element 10 according to the invention can be produced 
30 economically by punching, photoetching, or laser cutting and can be inserted in an 
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automated fashion. Thus, the implant retention trocar can be mexpensively 
produced as a single-use device formed of recyclable materials. 

The preferred embodiments of the cannula tip illustrated in FIGS. 6-1 1 m 
combination with the spring element described above provide an unproved, easy to 

5 use and economical trocar. The cannula tip 40 shown in HG. 6 mcludes a distal 
end having a changing profile between a leadit^ edge 42 and a trailing edge 44 of 
the distal end opening 46 of the cannula. In particular, when viewed in profile, as 
shown in FIG. 6, the distal end of the caimula is cut by a first plane 48 and by a 
second plane 50. The first plane 48 forms an angle 0, with a longitudinal axis of the 

10 cannula and the second plane 50 forms and angle with the longitudinal axis. The 
angle 0, is about 10 to 60 degrees, preferably 20 to 40 degrees, and the angle 02 is 
about 5 to 45 degrees, preferably 5 to 25 degrees. A difference between the angles 
01 and 02 is between about 2 and 50 degrees, preferably between about 6 and 35 
degrees. 

15 A transition section 52 of the cannula distal end between the first plane 48 

and the second plane 50 is preferably a gradual or blended transition rather than an 
abrupt transition. A gradual transition according to the present invention may be a 
slight rounding just at the intersection between the first and second planes. 
Alternatively, the gradual transition may include a curved surface extending along 

20 up to about one third of the distal end opening. This transition section 52 is located 
within either a central or top third of the cannula between the top and bottom of the 
cannula. The transition section provides a slight protruding bump which assists m 
spreading tissue during cannula insertion. 

The two different angles 0„ and Oj at the distal end of the cannula according 

25 to the present invention provide reduced tissue trauma and tearing during the trocar 
insertion. In particular, the relatively shallow angle at the trailing edge 44 of the 
cannula 40 avoids coring or tearing tissue durmg insertion of the cannula and also 
avoids coring when the cannula is used to puncture it's own foil packaging or the 
packaging of an implant. 
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As shown in FIG. 7. the trailing edge 44 of the cannula distal end is 
preferably fiilly radiused to prevent tissue from catchh^ on this trailmg edge during 
implant insertion. The radiused edge 44 also prevents coring of tissue by preventing 
a complete plug of tissue from being cut by the cannula. The radiused trailmg edge 
5 44 is blended out around the circumference of the cannula with the radiused portion 
completely blended out at a blend end 54 which is located within the central third of 
the cannula. 

FIGS. 8, 9, and 11 illustrate an alternative of a cannula tip 60 for use with 
the trocar according to the present invention. The cannula tip 60 has an angled 
10 distal end for inserting the cannula into tissue which includes a leading edge 62 and 
a trailing edge 64 of the cannula. As described above, the profile of the distal end 
includes an angle which is smaller near the trailing edge 62 than near the leading 
edge 64. This changing angle of the cannula tip profUe helps to avoid tearing or 
coring of tissue during trocar insertion. 
15 The cannula tip 60 is provided with a leading edge 62 having a reverse grind 

66 around approximately one half of the circumference of the cannula. The reverse 
grmd 66 is formed by a grinding operation which creates a beveled exterior surface 
of the cannula. The reverse grind 66 causes the leading cutting edge 68 of the 
cannula to be moved from the exterior diameter of the cannula to an interior 
20 diameter of the cannula. An angle a between the longitudinal axis of the cannula 60 
and the surface of the reverse grind 66 is approximately 5 to 60 degrees, preferably 
20 to 45 degrees. Although the reverse grind 66 is illustrated as having a planar 
cross-section, the grind may also have a slightly convex or concave cross-section. 
One of the advantages of the reverse grind is iDustrated by a comparison of 
25 HGS. 10 and 11. In HG. 10, a cannula 80 according to the prior art is illustrated 
with an implant 82 shown in hidden lines. If the imphmt 82 protrudes slightly from 
the cannula 80 during insertion, it can be seen that a gap 84 is present in which 
tissue can become trapped. This gap 84 of the prior art cannula increases the 
trauma and tearing of tissue due to trapping of tissue during miplant insertion. 
30 However, with the reverse grind 66 shown in FIG. 11, the cannula leading cutting 
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edge 68 having the reverse grind forces the tissue away from the implant 82 rather 
than into a gap between the inq)lan£ and the cannula preventmg tissue entrapment 
and possible implant jam. 

Another advantage provided by the reverse grind 66 mvolves the improved 
5 cannula insertion due to the ability of the angled surface to push tissue apart during 
insertion. This angled or tapered surface of the reverse grind reduces tissue trauma 
and tearing. In addition, the reverse grind 66 inq)roves tracking of tiie cannula. 
For example, a conventional cannula having an angle cut distal end as shown in 
FIG. 10 will track at an angle with respect to the axis of the cannula due to the angle 
10 distal end. However, the reverse grind 66 of the present invention provides a 
restoring force during cannula insertion which helps the canula track along a 
substantially axial path, 

FIG. 11 also illustrates a leading edge of an inq>lant 82a positioned at a 
preferred position inside the cannula 60 for implantation. The in5)lant 82a may be 
15 held at this position during hrplantation by the obturator or by another holding 
means. When the forward end of the implant 82a is positioned between the leading 
edge 68 and the trailing edge 64 of the cannula as shown in HG. 11 the implant 
edge will help to force the tissue apart reducing trauma and tearing of the tissue and 
preventing coring. According to a preferred implantation method, the implant 82a 
20 is positioned within tiie cannula wife a forward end of the implant located between 
1/3 and 2/3 of die way between die leading cutting edge 68 and die trailing edge 64. 

The cannulas 20, 40, 60 according to the present invention may be formed of 
any of die known cannula materials such as plastic or metal. The retention trocar 
may be a single use device or may be reusable. The cannulas and trocars according 
25 to die present invention are mtended for msertion of implants in animals including 
humans, livestock, and the like. 

While die mvention has been described in detail witii reference to die 
preferred embodiments diereof . it will be apparent to one skilled in die art diat 
various changes and modifications can be made, and equivalence employed, wifliout 
30 departing from die spuit and scope of the invention. 
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What is claimed is: 

1 . A trocar comprising: 

a camixila for receiving an implant and inserting the implant into an 

5 animal; 

a spring element received within the cannula, the spring element 
having a leaf spring for retaining the implant inside the cannula, the leaf spring 
applying a frictional force against the implant sufficient to prevent the unplant from 
sliding out of the cannula under a weight of the inq)lant; and 
10 an obturator for delivering the unplant from the cannula into the 

animal. 



2. The trocar according to claim 1, wherein the spring element includes 
a plate which is cut to form the leaf spring. 

15 

3 . The trocar according to claim 1 . wherein the leaf spring is formed as 
a T-shaped cut out portion. 

4. The trocar according to claim 1 , wherein the leaf spring has a 

20 plurality of successive bends and the successive bends are arranged to alternately 
contact an inside wall of the cannula and an outside of the implant to retain the 
implant in the caimula. 

5. The trocar according to claim 4, wherein the leaf spring has a 

25 longitudinal leg arranged substantially parallel to an axis of the cannula and a cross 
leg substantially perpendicular to the longitudinal leg, and the plurality of successive 
bends are formed on the longitudinal leg, 

6. The trocar accordmg to claim 4, wherein the leaf spring having the 
plurality of successive bends is compressed in a radial direction of the cannula by 

30 the insertion of the implant mto the cannula. 
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7. The trocar according to claim 1, wherein the obturator has a tapered 
distal end to prevent ejection of the spring element from the cannula when the 
obturator is moved distally to eject the implant from the cannula. 

5 

8. The trocar according to claim 1, wherein the spring element is fixed 
within the cannula. 

9. A trocar comprising: 

10 a substantially cylindrical cannula body; 

a distal end of the cannula body having a leading edge formed by a 

first plane which is at a first angle with respect to a longitudinal axis of the cannula 

body, and a trailing edge formed by a second plane which is at a second angle with 

respect to the longitudinal axis of the cannula body; and 
15 wherem the first angle of the leading edge is larger than the second 

angle of the trailing edge. 

10. The trocar according to claim 9, wherein a transition between the 
first plane and the second plane is gradual. 

20 

1 1 . The trocar according to claim 9, wherem the trailing edge of the 
cannula body distal end is radiused to prevent coring or tearing of tissue. 

12. The trocar according to claim 9, wherein the first angle is about 
25 20 - 35 degrees and the second angle is about 10-25 degrees. 

13. The trocar according to claim 9, wherein a difference between the 
first angle and the second angle is about 2-20 degrees. 
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14. The trocar according to claim 9, wherein the leading edge of the 
cannula distal end has a reverse grind extending along between 25 and 75 percent of 
an exterior circumference of the cannula. 

5 15. The trocar according to claim 14, wherein the reverse grind is a 

surface which intersects an mterior surface of the cannula and an exterior surface of 
the caimula, 

16. The trocar according to claim 15, wherein a distal most tip of the 
10 cannula is located at the intersection of the interior surface and the reverse grind. 

17. The trocar according to claim 9, wherein the cannula body includes a 
leaf spring fixed within the cannula body for retaining an unplant. 

15 18. A method of implanting an implant in an animal comprising: 

positioning an implant at a preferred location within a cannula with a 
forward end of the implant located between about i/3 and 2/3 of the way between a 
leading edge of the cannula and a trailing edge of the cannula; 

holding the in^lant at approximately the preferred location while 
20 inserting the cannula into the animal; and 

delivering the implant from the cannula into the animal. 
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